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Global maps of microwave land surface emissivities:
Potential for land surface characterization
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Abstract. Microwave land surface emissivities are derived from special sensor microwave
imager (SSM/I) observations. Cloud-free SSM/I observations are first isolated with the
help of collocated visible/infrared satellite observations (International Satellite Cloud
Climatology Project (ISCCP) data). Then, the cloud-free atmospheric contribution

is calculated from an estimate of the local atmospheric temperature-humidity profile
(National Centers for Environmental Prediction (NCEP) analyses). Finally, with the
surface skin temperature derived from IR observations (ISCCP estimate), the surface
emissivity is calculated for all the SSM/I channels. The method is applied to the SSM/I
data for the globe for October 1991. Correspondences between geographical patterns of the
emissivities and surface characteristics are briefly analyzed to investigate the potential of
microwave emissivities to monitor vegetation phenology and surface properties at regional

and continental scales.

1. Introduction

Estimating land surface emissivities from satellite
microwave measurements is of major interest for two
main reasons. First, the ability to retrieve atmo-
spheric parameters (water vapor, cloud liquid wa-
ter, precipitation) above land depends in large part
on the capability to estimate surface emissivity. If
the surface emissivities can be determined accurately
enough, cloud liquid water and precipitation retrieval
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might be extended to land areas. Second, land
surface emissivities derived from microwave satellite
measurements could be used to monitor variations
of surface and vegetation properties at regional and
continental scales. Most satellite studies carried out
over land have focused on the use of simple indices
derived from linear combinations of microwave satel-
lite measurements (the microwave vegetation index
(MVI) for instance) [Choudhury and Tucker, 1987;
Choudhury, 1989]. However, atmospheric effects (es-
pecially cloud cover) and surface temperature may
contribute substantially to the variations of these in-
dices, casting doubt on their interpretation solely in
terms of surface properties [e.g., Kerr and Njoku,
1993].

A method is proposed to directly estimate the mi-
crowave emissivities from special sensor microwave
imager (SSM/I) observations by removing the con-
tributions from the atmosphere, clouds, and rain us-
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ing ancillary observations. The method has been de-
scribed in details by Prigent et al. [1997], where
results have been limited to Africa and part of Eu-
rope. In the present study, the method is out-
lined, and global results are presented for October
1991. The International Satellite Cloud Climatology
Project (ISCCP) data are used to detect the presence
of clouds and to determine the surface skin temper-
ature. The National Center for Numerical Predic-
tion (NCEP) analyses provide the atmospheric pro-
files of temperature and water vapor to estimate the
gaseous atmospheric contribution. Correspondences
between microwave emissivities and surface charac-
teristics are briefly analyzed to explore the potential
of microwave observations for monitoring vegetation
phenology, wetlands, snow, and sea ice.

2. Principles and Data

Over a flat surface, the radiative transfer for a
nonscattering plane-parallel atmosphere can be ex-
pressed in terms of brightness temperature for each
orthogonal polarization P (P stands for either hori-
zontal, H, or vertical, V'):

Thp = Tsurf x emisp X e~ TOH)/u

+Tatm_down x (1 —emisp) X e~ TOH) /b Tatm_up

1)
where T'atm_down = fOHT(z)a(z)e_T(o’z)/“dz and
Tatm_up = fOH T(z)a(z)e~"=H)/tdz. Thp is the
brightness temperature measured by the satellite for
polarization P; T'surf is the surface ”skin” temper-
ature; emisp is the surface emissivity for polariza-
tion P; p = cos(f); 0 being the incident angle on
the surface; a(z) is the atmospheric absorption by
gases and nonprecipitating particles at altitude z;
T(z) is the atmospheric temperature at altitude z;
and 7(zp,21) = fzzol a(z)dz is the atmospheric opac-
ity from zg to z;. This equation leads to

Tbp — Tatm_up — Tatm_down x e~ (O-H)/k

emisp = e~7(0H)/u x (Tsurf — Tatm_down)

(2)

The method consists of solving (2) for the surface
emissivity for each SSM/I channel using ancillary
data to specify the atmospheric and surface param-
eters.

The Defense Meteorological Satellite Program sate-
llites (DMSP) observe the Earth twice daily from
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near-polar orbits. The SSM/I instruments on board
these satellites sense the atmospheric and surface
emissions at 19.35, 22.235, 37.0, and 85.5 GHz with
both horizontal and vertical polarizations, with the
exception of 22 GHz, which is at vertical polarization
only [Hollinger et al., 1987]. The observing incident
angle on the Earth is close to 53°, and the ellipti-
cal fields of view decrease in size proportionally with
frequency, from 43x69 to 13x15 km.

In the ISCCP data, cloud parameters and related
quantities are retrieved from visible (VIS) (~0.6pm
wavelength) and infrared (IR) (~11pm wavelength)
radiances provided by the set of polar and geosta-
tionary meteorological satellites [Rossow and Schif-
fer, 1991]. The ISCCP data set is used not only to
discriminate clear and cloudy scenes but also to esti-
mate surface skin temperature. The pixel level data
set (the DX data set) is used for its resolution of
about 30 km and its sampling interval of 3 hours.
The DX ISCCP data sets are available for each geo-
stationary satellite (up to five satellites in orbit at a
time) and for the two NOA A polar orbiting satellites.
A detailed description of the ISCCP data is provided
by Rossow et al. [1996].

The atmospheric profiles used in this study are ex-
tracted from the NCEP reanalysis data set [ Kalnay et
al., 1996]. It includes surface pressure, temperatures,
and relative humidities for eight levels up to 300 mbar
(middle and lower troposphere), every 6 hours, at a
spatial resolution of 2.5° latitude and longitude. In
our previous study [Prigent et al., 1997], the atmo-
spheric profiles were extracted from the TIROS oper-
ational vertical sounder (TOVS) system as gridded
by ISCCP [Rossow et al., 1996]. However, unreal-
istically high standard deviations in the TOVS wa-
ter vapor abundances were noticed over desert areas,
which were affecting the retrieval of surface emissivi-
ties, especially at 85 GHz. The NCEP reanalyses do
not show similar behavior.

To compare products at the same location over a
month, the map projection of the ISCCP DX prod-
ucts is used [Rossow et al., 1996], corresponding to
a spacing of 25-30 km. This grid spacing is fully
compatible with the SSM/I observations which are
sampled at 25 km. For a month, the following pro-
cedure is applied to each DX ISCCP data set (corre-

- sponding to each geostationary satellite and the two

NOAA polar orbiters). For each SSM/I pixel (day
and night), the corresponding ISCCP DX pixels are
selected for the time closest to the SSM/I overpass



time. Then SSM/I pixels are selected that corre-

=
=
[l

o £h

o o

g B
= D
[«])
Q8

-y
[«]

=2

-

@

R

[] w

time o / I overpass at low and mlddle latltudes
(close to sunrise and sunset up to middle latitude),
rapid changes of the surface temperature can be ob-
served within the 3-hour gap between two consecu-
tive DX images (up to 30 K over the north African
desert). Selecting the closest-in-time geostationary
image to derive the surface temperature can produce
large errors in the emissivity retrieval. Therefore, be-
cause of the availability of the DX data every 3 hours
from the geostationary satellites, a linear interpola-
tion between the two ISCCP surface temperature es-
timations to the precise time of the SSM/I overpass is
calculated. Using the closest NCEP profile (in time
and space) and the MPM 93 model [Liebe et al., 1993]
for gaseous absorptions, the cloud-free atmospheric
contribution is calculated for each SSM/T frequency.
Equation (2) is then solved for the emissivity for each
SSM/I frequency and polarization. For each 30x30
km cell, the average and standard deviation of the
emissivity is calculated for the month for each chan-
nel and for each DX data set. Finally, the results cor-
responding to each DX data set are merged: For each
geographical location and for each SSM/I channel, a
weighted mean of the available surface emissivities is
calculated.

3. Results and Discussion

Maps of the polarization differences (vertical mi-
nus horizontal polarization) of the retrieved emissiv-
ities at 19 GHz and 85 GHz are presented for Octo-
ber 1991 (Plates la and 1b) for measurements from
the F10 DMSP satellite. The vegetation classifica-
tion map [Matthews, 1983] is also displayed (Plate
1c). The vegetation data set distinguishes 30 classes
which are grouped into 10 classes for this study,
as indicated in Table 1. The microwave emissivi-
ties are retrieved not only above the continents but
also above the ocean when sea ice is present (the ice
cover information from the NOAA operational anal-
ysis is used, as reported in the ISCCP data set). The
large hole in the microwave surface emissivity maps
in the northern hemisphere around 70°E corresponds
to the absence of geostationary satellite data in this
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area. Only the two NOAA polar orbiters are avail-
able in this region: Although the overpass times of

TR AT

the N UAA mormng orbiter and the DMSP satellite

ode Thus the number of comc1dent overpasses
at middle latitudes is very small. Processing the two
DMSP satellites that are in orbit (the F10 and the
F11 for that period) should reduce this problem.
The mode value of the standard deviation of the
retrieved emissivities for October 1991 is 0.008 at 19
and 37 GHz and 0.017 at 22 and 85 GHz, whatever
the polarization. The more sensitive the channel to
the atmosphere, the larger the standard deviation
over a month, suggesting some residual errors asso-
ciated with the atmosphere. A sensitivity analysis
of the retrieved emissivities to the various input pa-
rameters (the SSM/I instrumental errors, the surface
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vapor absorption model) has been conducted, and
the results are discussed by Prigent et al. [1997].

The following comparisons focus on the correspon-
dences between the geographical patterns of the emis-
sivity and variations in surface characteristics. Be-
cause of the lack of direct information about surface
emissivity at these spatial scales, our comparisons
can only be indirect attempts to verify the retrieved
products by showing that the emissivity patterns can
be explained by recognized changes in surface char-
acteristics.

Regions of bare soil (northern Africa, the Arabian
Peninsula, the Australian desert) show high polariza-
tion differences (Plates 1a and 1b) associated with
low emissivities in the horizontal polarization (not
shown) when compared with vegetated areas. Al-
though rather stable in time, deserts show signif-
icant spatial variations (for instance, compare the
Australian desert and the Sahara). These differences
must be further investigated in terms of soil and
rock materials. On the other hand, densely vege-
tated zones (the tropical rain forest) exhibit low po-
larization differences: The vegetation elements are
randomly oriented within the vegetation canopy and
emit almost independently from polarization, and at
the same time attenuate the polarized emission from
the underlying soil. Histograms of the 19 and 85
GHz emissivities are presented in Figure 1 for the
10 surface types (Table 1). With decreasing biomass
density (from class 1 to class 9) the horizontal polar-



748

Latitude

PRIGENT ET AL.: MICROWAVE LAND SURFACE EMISSIVITIES

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

Vegetation

-180-160-140-120-100 -80 -60 —40 —20 0 20 40 60 80 100 120 140 160 180
Longitude

Plate 1. Polarization differences of the emissivities (vertical minus horizontal polarization)
at (a) 19 GHz and (b) 85 GHz, for October 1991. (c) Vegetation map for the ten classes
defined in Table 1.
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Table 1. The 10 Types of Surfaces

Surface Type Description
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tropical /subtropical
evergreen broad-leaved forest
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sclerophvllous woodland and forest
wooded and nonwooded grassland
tundra and mossy bog
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nonvegetated desert
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Derived from Matthews [1983]

ization decreases, the vertical polarization increases,
and the polarization difference increases. Most his-
tograms are well defined with only one mode. The
widths of the histograms are much larger than are
the standard deviations of the emissivities over the
month at individual locations: Dispersion in the his-
tograms thus represents actual surface variability.
Although covering a large area, the sparse vegeta-
tion type (class 8) does not exhibit narrow distri-
butions: Vegetation in these arid zones is not well
defined and can encompass a very broad range of
conditions [cf. Matthews and Rossow, 1987]. The
tundra regions (class 7) also show broad histograms
that are related to the presence of snow and ice cover.
The grassland (class 6) histogram of horizontal po-
larization has a rather long tail corresponding to rel-
atively low emissivities. Comparison of Plates 1a, 1b
and 1c shows that the desert-like emissivity signature
in northern Africa and Australia are more extensive
than the corresponding desert areas in the vegetation
map. While the sensitivity of the microwave emissiv-
ities to very sparse, arid vegetation is expected to be
low, the vegetation classification may also have to be
reexamined, particularly with respect to geographic
transitions and recent changes.

Various roughness scales are involved within a sin-
gle field of view, from the small-scale roughness re-
lated to surface irregularities small compared with
the wavelength to the large-scale topographic effect.
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Figure 1. Normalized histograms of the retrieved
emissivities at 19 and 85 GHz for both polarizations
for the 10 surface types (October 1991). The number
of pixels in each class is added.
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Large-scale topographic roughness reduces the dif-
ference between polarizations. In vegetated areas
this emissivity feature is difficult to identify because
the vegetation usually changes with elevation and be-
cause the emissivity difference in polarizations is al-
ready reduced by the vegetation. For sparsely veg-
etated or nonvegetated areas, however, this effect
can be observed as decreasing polarization differences
with increasing topographic roughness. For example,
the Sahara is associated with high polarization differ-
ences, but these differences decrease over the Tibesti
and the Ahaggar mountain areas.

Microwave observations have been shown to be
valuable for delineating flooded areas [see, for ex-
amples, Choudhury, 1989]. At microwave frequency,
open water and flooding decrease the emissivities in
both polarizations and increase the polarization dif-
ferences, especially at lower frequencies. This re-
sponse is due to differences in the dielectric prop-
erties of water as compared with soil and vegetation
and to the flatness of standing water surfaces. On the
19 GHz emissivity maps (Plate 1a), the main hydro-
logical features are well delineated: For instance, the
Congo River and the Amazon appear very clearly.

Although several snow and ice studies have been
based on microwave satellite observations [Cavalieri
et al., 1984; Comiso, 1986; Grody and Basist, 1996],
the microwave signature of these surface types is still
not fully understood. In our emissivity results, the
ice- and snow-covered areas show a wide spatial and
temporal diversity of signatures. The snow-covered
land and the sea ice areas are characterized by large
variations of the surface emissivity over the month
{not shown here), even in areas where the NOAA
ice/snow reports indicate full coverage of snow or ice
throughout the month. In contrast, ice-covered lands
(Antarctica and Greenland) exhibit much more sta-
ble temporal behavior, although spatially variable.
Compared with sea ice, land ice at this period of
the year has a generally lower emissivity in both po-
larizations and for each frequency, along with larger
polarization differences. These characteristics must
be explored in more detail on an annual basis to in-
vestigate the potential of these emissivity retrievals
to estimate the ice and spow properties.

4. Conclusions and Possibilities

Microwave emissivities of the land surface are es-
timated from SSM/I observations by removing con-

tributions from the atmosphere, clouds, and rain us-
ing ancillary data from ISCCP and NCEP. Global
maps of the microwave emissivities are presented for
October 1991. Correspondences between geographi-
cal patterns of the microwave emissivities with vari-
ations in surface characteristics are briefly analyzed.
In the absence of direct measurements of surface
emissivities at these larger spatial scales, these com-
parisons help verify the quality of the retrieved prod-
ucts. The monthly standard deviations of the emis-
sivities have a mode value < 0.017 for all the chan-
nels. We plan to apply this method to produce global
emissivity maps for every month over several years.
The intra-annual and interannual variabilities of the
emissivities will be investigated. The feasibility of
estimating microwave emissivities over land offers a
number of interesting possibilities from monitoring
the land surface itself, in addition to their use in at-
mospheric and cloud parameter retrievals.

Correspondences between the microwave emissiv-
ities and vegetation distributions suggest the possi-
bility of using microwave emissivities to monitor veg-
etation phenology at regional and continental scale.
The SSM/T land emissivities have also shown a strong
sensitivity to flooding and to snow cover and sea ice
characteristics and could be further used to monitor
these parameters.

With accurate estimates of land microwave emis-
sivities (and surface skin temperature), it is possible
to consider extending atmospheric and cloud prop-
erty retrievals from microwave measurements devel-
oped over ocean to land areas. The ability to esti-
mate atmospheric parameters essentially depends on
the contrast between the radiance of the atmosphere
and the radiance of the surface. As a result, the accu-
racy of atmospheric parameter retrieval will depend
strongly on atmospheric and surface conditions. A
variational inversion method is now under develop-
ment to retrieve water vapor and cloud liquid water
from the SSM/I observations over land.
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